I
n a room full of people gathered to consider the cumulative effects of development on Alaska's North Slope, a man captures the entire complex situation in just 40 words. "You have to look at the data closely," he says, "and think about the science, but when you get up to the North Slope, you'll hear those caribou go thundering past, and you'll get this gut feeling that you just can't ignore." There it is, in a nutshell: the juxtaposition of technical information on the one hand, and the unavoidable presence of emotion on the other.
No one on the North Slope-either within the oil industry or outside it-denies the importance of emotion in the decisionmaking process. In talking to technical experts in Fairbanks, Anchorage, and Barrow, and in the oil fields themselves, it seems that the frustration does not stem from inclusion of emotion in the decisionmaking process. Instead, it comes from the indiscriminate mixing of science with emotion and the failure to separate the two. It is a mix that has to some degree polarized the scientific community. It is a mix that has led to an us-them dichotomy and a "with-us-or-against-us" attitude. It is a mix that has ended professional relationships, contributed to early retirements, and, in at least one case, torpedoed an otherwise perfectly viable romance.
Ted Rockwell, who regulates North Slope development for the Environmental Protection Agency, points out that both the personal ownership of ideas and the sense of accomplishment that accompanies the development of ideas can become an emotional issue that clouds objectivity. Lloyd Fanter, a veteran of the US Army Corps of Engineers who works in the environmental regulatory arena, says that some industry representatives become so attached to their ideas about development that they refuse to consider alternatives suggested by agencies and the public. "At some point," he says,"people lose perspective. My job is to bring balance to the process. I work toward environmental integrity that is founded on technical data-data from all sources, including government scientists and industry scientists." Dave Trudgen has managed British Petroleum's (BP) environmental research program on the North Slope for the past 2 years. He shows me a list of projects, with general categories (lake recharge and restoration) mixed with animals (caribou, polar bears, grizzly bears, ringed seals, marine fish, freshwater fish, eiders, snow geese, arctic fox, shorebirds, and more) (Truett and Johnson 2000) . "BP," he tells me, "spends somewhere between $5 million and $10 million each year on environmental research." The results of the research contribute to improved environmental stewardship on the North Slope. They are used to guide the placement, design, and operation of oil industry infrastructure. In many cases, the results are also used to respond to concerns raised by nonprofit organizations and government agencies. But often, the emotional baggage that comes with the topic of North Slope development cannot be overcome by research."The issues that are most driven by emotion," Trudgen says, "are caribou, whales, and what people are starting to call arctic sprawl. And the emotion is on both sides. Some people become attached to ideas and don't want to let them go, or they let ideas become a personality issue. Some people in the industry believe we have solved the environmental problems, and they're sick of spending money on concerns that can never be resolved. Some people who are against industry believe that development is wrong, and they'll look through the data until Bill Streever has worked in academics, government laboratories, and the private sector and is involved with numerous nonprofit conservation organizations. He is known primarily for his work in wetland restoration, and he has published in many fields, ranging from invertebrate ecology to environmental economics. His latest book, Sav- 
Arctic sprawl
Arctic sprawl-a phrase reputedly coined by Bruce Babbitt, former secretary of the interior in the Clinton administration, to describe the increasing size of the North Slope oil fields-cannot be denied. The first real oil strike came in 1968, in Prudhoe Bay, after more than 40 years of exploration. In 1977, the Prudhoe Bay field came on line, delivering oil through the Trans-Alaska Pipeline to Valdez and from there to markets in the lower forty-eight. In 1981, the Kuparuk field came on line, followed by Milne Point, Lisburne, and Endicott in 1985 , 1986 , and 1987 , respectively (BP and Phillips Alaska 2001 . By 2001, 18 fields were sending oil south. By and large, the spread of exploration has been to the west, toward Barrow, and almost exclusively on state-owned lands. But there has also been movement east, toward the Arctic National Wildlife Refuge, and offshore, into the Beaufort Sea. The most recent exploration has moved onto federally owned land in the National Petroleum Reserve, land originally set aside by President Warren Harding in 1923 because of the belief, even then, in its potential for oil production (Coates 1993) .
The oil industry builds facilities on layers of gravel, up to two meters thick, that insulate the ground. Without gravel, underlying permafrost would melt, leaving sinkholes on the surface. In an Anchorage conference room, red and green lines cross a map projection-red for gravel and green for pipelines. Prudhoe Bay sits at the center of the map, at ground zero and almost completely hidden under an exploding star of red and green."The oil fields are growing," states the presenter."We're letting them bury the American Arctic."
But even in Prudhoe Bay, the oldest and most developed field, there remains a great deal of tundra-less than 3 percent of the Prudhoe Bay landscape has been covered by gravel. What the map shows at Prudhoe Bay-tundra buried by roads and pipelines-can be interpreted as an artifact of scale; as drawn, the roads and pipelines would translate to a width of 300 meters on the tundra. But if they were drawn any finer, in keeping with the map scale, they would be hairlines, barely visible. The width of the lines, coupled with a strong reaction to lost wilderness, might suggest a larger impact than actually exists. However, the lines, despite their width, may not capture indirect impacts. Ted Rockwell, in talking about the footprint, likes to distinguish between what he calls the "actual footprint," the "effective footprint," and the "perceived footprint." The map exaggerates the actual footprint, but the effective footprint may affect wildlife for some distance beyond the lines on the map, and the footprint as perceived by some individuals may cover an even greater area.
Steve Taylor, a long-term environmental manager and advisor to the oil industry, explains arctic sprawl in terms of an The gravel footprint in North Slope oil fields has changed over the last three decades, as shown in the maps above. evolution of technology."People look at Prudhoe Bay," he says, "and they don't realize that what they are seeing is 1970s technology. Look at the Kuparuk field. Prudhoe Bay has 50 gravel production pads, and Kuparuk has 49. But Prudhoe Bay's footprint is two-and-a-half times bigger than Kuparuk's. The industry learned from Prudhoe Bay. If we built Prudhoe Bay today, it would be less than one-third of its size. But this is an emotional issue. You look at a map, and the industry is growing."
The Kuparuk field came into production just 4 years after Prudhoe Bay. Since then, gravel footprints have become even smaller (Gilders and Cronin 2000) . In the early days, gravel pads included impoundments, called "reserve pits," for storage of drilling mud and other liquids, but since 1987 these waste liquids have been injected below ground into stable geological formations. Drilling equipment has been redesigned to allow close spacing of wells. Directional drilling, which can allow access to oil reservoirs more than 5 miles from a gravel pad, reduces the need for large numbers of pads. Some of the new fields are roadless developments, meaning that they are not connected to Prudhoe Bay by gravel roads. The pipelines running to Prudhoe Bay are built and maintained from temporary ice roads during the long winter season, and personnel and supplies move in and out by air during the warmer months.
While it is true that gravel covers well under one-quarter of 1 percent of the North Slope-less than 45 out of a total of 230,000 square kilometers-it is also true that the gravel is concentrated in certain areas, such as Deadhorse, a staging area for the oil fields. In addition, the gravel leaves long, thin lines across the landscape in the form of roads that may have impacts beyond those captured in measurements of the area covered. Dave Yokel, a wildlife biologist who works for the federal government, echoes Ted Rockwell's concerns. "How spread out is the gravel?" he asks. "Isn't it really a line of gravel, or a network of gravel lines? And what does that mean in terms of environmental impact? Pipelines and power lines add to the footprint. And there is the issue of habitat fragmentation."
There have been attempts to reverse arctic sprawl through restoration of abandoned gravel pads and roads (e.g., McKendrick 1991, Jorgenson and Joyce 1994) . Jay McKendrick, a retired professor and a consultant to industry, has worked for two decades to develop restoration methods that can be applied when the oil runs out. He has seeded and fertilized dozens of sites scattered across the North Slope, and on one pad in the Prudhoe Bay field, he maintains a complex experiment, now more than 10 years old. In many cases, restored sites are similar in appearance to natural areas. But real progress with restoration, McKendrick believes, is not a technical issue. "We need to decide what we want out here," he says."The instinct is to say that we should put the land back to what it was, back to tundra. We may be able to do that in some cases, with enough time and money. But is that really what we want?" Everyone, it seems, has an opinion. For some, restoration to a tundra landscape will not suffice; development has occurred, and even if every sign of its presence is removed, it has converted wilderness to something less than wilderness. Development has changed natural tundra to palimpsest, creating a film of human history that can never be erased. For others, gravel pads and gravel roads provide habitats that are otherwise rare on the North Slope-they point to data showing that caribou use gravel pads and roads for insect relief, and they see the expense and risk of removing every sign of development not only as a waste of money, but as poor wildlife stewardship.
Caribou
Long before development became a reality on the North Slope, caribou became a flagship species for the Arctic. Collins and Summer, writing in a 1953 Sierra Club article, described caribou migrations and then said,"Now we know what it must have been like to see the buffalo herds in the old days" (quoted in Coates 1993, p. 97) . Today, similar statements are often heard about the Arctic National Wildlife Refuge's Porcupine caribou herd. In February 2001, Ken Whitten, a retired biologist who spent 25 years studying caribou for the Alaska Department of Fish and Game, published an opinion piece in the Anchorage Daily News warning that development of the Arctic National Wildlife Refuge would jeopardize the Porcupine caribou herd (Whitten 2001). His piece, it might be argued, called for application of the precautionary principle, because data showed that cows with calves avoid development and pipelines may deflect caribou movement. Matt Cronin, a molecular geneticist and wildlife biologist who has been working as a consultant to the government and industry in Alaska for 15 years, responded to Whitten's editorial (Cronin 2001 ). Cronin listed, as bullet points, what he believes to be the objective facts of oil industry effects on caribou. He pointed out that the Central Arctic Herd has grown since development took place-from 5000 animals in the mid-1970s to 27,000 animals today. Further, he pointed out that caribou density and calf production are as high in oil fields as they are in undeveloped areas, and that caribou do use and travel through developed areas. In Cronin's rebuttal, also published in the Anchorage Daily News, the irritation cannot be missed: "Whitten," Cronin wrote, "was selective in presenting information." When I mention these editorials to Dave Yokel, the wildlife biologist, he says that both Whitten and Cronin are respectable scientists, despite the divergent viewpoints."The growth of the Central Arctic Herd is an undeniable fact," Yokel adds. "But we have to look at that in context. Other North Slope herds have also grown dramatically in the past 20 years. The real question is, 'How much did the Central Arctic herd grow relative to how much it would have grown in the absence of industry?' And we can't answer that. I attend meetings, and people around me will have answers to tough questions, like the question about caribou. They'll make statements with certainty. But I just don't know. An unbiased look at the data leaves more questions than answers."
Whales
Several hundred people gather in Hopson Middle School's gymnasium for the Arctic Economic Development Summit. The gymnasium itself could be from almost anywhere-a team logo is painted on one wall, a scoreboard is mounted on another wall, and basketball hoops hang from the ceiling. But this is not "almost anywhere"; this is Barrow, Alaska, the largest permanent settlement on the North Slope and home to some 4000 residents, mostly Inupiaq natives. Outside, the temperature is -20 degrees Fahrenheit. The talk here is about the future, and, repeatedly, the importance of today's children in tomorrow's world. "For a lot of us," one speaker says, "subsistence is our only way of life. Development should not be at the expense of our subsistence way of life."
The speaker refers to the hunting life style that has evolved over thousands of years and that continues to provide both physical and cultural sustenance to the community. The mayor, who is also a whaling captain, adds to this sentiment: "We from the North Slope Borough," he says, "have fostered development offshore and onshore, but we have protected our subsistence way of life first and foremost. Priority number one is protecting our way of life."
Emotions run high on both sides where industrial development is concerned. On the one hand, the oil industry provides a source of income. On the other hand, people worry about the survival of their culture. A large part of this culture is tied to the spring and fall bowhead whale hunts. It is little wonder, then, that activities that could harm whales evoke strong responses.
While emotions run high, there is an interest in science and scientific research that cannot be missed. Tom Albert, a scientist employed by the North Slope Borough and a recent recipient of a retirement award presented by the Barrow community, has pointed out that North Slope residents are interested in the outcomes of environmental studies, perhaps more so than residents anywhere else in the United States (Albert 2001) . But this interest in and appreciation of science has not been without problems. In the 1970s, a "scientific" census undertaken by the National Marine Fisheries Service estimated the bowhead whale population at about 1300 animals (Tillman 1980) . In response, the International Whaling Commission prohibited subsistence hunting of bowheads in 1978, writing,"from a biological point of view the only safe course is to reduce the kill of bowhead whales from the Bering Sea stock to zero" (International Whaling Commission 1979, p. 48) . The native community did not believe the census results. The census was based on visual observations of whales swimming through open water leads near shore. However, native hunters knew that bowheads swam long distances under ice and used leads further offshore, well away from census observers. In a written statement, one group of respected hunters blamed scientists for what they saw as unreasonable interference with their way of life: "There are a lot of bowheads out there that the scientists aren't counting. Many are out in the ice and therefore are not seen when they pass by Barrow. As a result of poor counting, the scientific community helps put these unfair quotas upon us" (Albert 2001) .
Later, under the guidance of Tom Albert and others, improved census methods were developed. The improved methods coupled traditional knowledge of whale behavior with scientific methods, which combined hydrophone and visual observations with complex statistical methods. In one instance, observers saw only three whales, but hydrophones tracked 130 whales under the ice. Population estimates were revised upward, to 4417 in 1985 , 7200 in 1987 , 7800 in 1988 , and to 8200 in 1996 (Raftery and Zeh 1998 . As a result, the International Whaling Commission backed down from the prohibition on subsistence hunting.
The residents of Barrow have not forgotten this experience. To some degree, it left an atmosphere of distrust that hindered sharing of traditional knowledge with scientists. This distrust was overcome in part by the efforts of the late Harry Brower, Sr., a native whaling captain and an employee of the Naval Arctic Research Laboratory, who helped convince other whalers that good science could help their cause and that scientists would benefit from their traditional knowledge (Albert 2001) .
Today, natives are concerned about the impact of oil development on whales (BP 2001 ). The problem, or at least one of the problems, is noise. The whalers are concerned that construction noise from offshore development may push the migrating whales further out to sea, making it harder to hunt the whales. Seismic surveys, which use arrays of air guns to send sound pulses into the ground in search of oil-bearing formations, are known to displace whales from their normal migration patterns by tens of kilometers. Seismic surveys are now timed to avoid impacts on whales. Currently, the first major offshore development-the Northstar project-is under construction in the Beaufort Sea. Hydrophones are deployed to quantify sound from construction and to determine the distance at which construction noise is lost in the ambient noise of the Beaufort Sea. While North Slope residents await results of this study with interest, they remain skeptical after their experience with the early whale census. It is not unheard of for scientists engaged in public meetings to be called liars or worse, and those scientists working in this arena have two choices: leave or grow thick skin.
A role for science
"Decisions about the oil industry on the North Slope are not driven by science," Steve Taylor says."But science plays a role. It contributes to the decisionmaking process."
Lloyd Fanter adds to this theme: "Would industry protect the environment in the absence of agency and public scrutiny? And would the agencies have been successful at pushing for changed practices in the absence of data? Science drives conditions set in permits, but it is public interest and public values that drive science forward on the North Slope. It is an emotional attachment by millions of people to something they have never seen that lets the agencies insist on a scientific approach to managing for environmental integrity on the North Slope."
Is it possible to filter out the emotion from the data? "All humans have biases," Dave Yokel says."Occasionally, someone will claim to be entirely objective. That's just baloney."
In thinking about science and its role in decisionmaking on the North Slope of Alaska, the words of Paul Feyerabend, the scientific historian and philosopher, come to mind:"Scientific institutions are not 'objective'; neither they nor their products confront people like a rock, or a star. They often merge with other traditions, are affected by them, affect them in turn" (Feyerabend 1995, p. 143) . And Feyerabend's words remind me of the man in the conference room:"You have to look at the data closely," the man had said, "and think about the science, but when you get up to the North Slope, you'll hear those caribou go thundering past, and you'll get this gut feeling that you just can't ignore." 
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